Infertility remains a continuing globally problem wherever couples worldwide were infertile as much as 42 million in 1990 and keep projecting to 48.5 million in 2010. Male-mediated infertility becomes one of the numerous concerns due to pesticide especially sperm quality as revealed with raising number of animal and human studies in latter-day among researchers. Pesticides have been used since the early days as pest control in agriculture, as vector controls in malaria and dengue as well as subject to much regulation. The reproductive system might be affected with some negative effects from pesticides that lead to interference with the male hormonal function. Polyunsaturated fatty acid (PUFA) content in the sperm cell membrane makes it become highly susceptible towards reactive oxygen species (ROS), thus leading to sperm damage. Besides known genetic and environmental factors, research during the last two decades has highlight on several mechanisms and their association with male infertility. The male germ line undergoes extensive epigenetic modifications throughout fetal to adult life hence vulnerable to environmental factors that may influence fertility. The present literature will help in understanding the mechanisms of pesticide in inducing male-mediated reproductive toxicity.
Introduction
The desire to own children is widespread among people across the world. Infertility has been an issue globally whereas women have always been the symbol of fertility (Verma & Baniya, 2016) . For men, infertility frequently becomes a private heartache. According to Zegers-Hochschild et al. (2009) , if couples, following one year or more of regular unprotected sexual intercourse still fail to obtain a clinical pregnancy, they can be said to experience infertility. The most cases of childlessness that occur are reported to be as much as 50% of infertile men as the culprit (WHO, 2014) . In accordance with Agarwal et al. (2015) , at least 30 million of men are infertile around the world. When sperms are restricted in number or function such as sperm concentration, motility and morphology in at least one sample of two sperm analyses, obtained 1 and 4 weeks apart, infertility problems can happen among male (Brugh & Lipshultz, 2004) .
Humans and other mammalian species are unique in their different ways of continuing their species, perhaps human would be more than in any other species. The completion of reproduction process is indicated in which the offspring development is fully accomplished (Worthman, 2003) . Abnormalities of a male genome may lead to reproductive toxicity. DNA damage towards the sperm itself occurs due to an error in epigenetic modification such as DNA methylation, histone modification and chromatin remodelling (Anderson et al., 2014) as well as from excessive ROS production (Agarwal et al., 2014 ) that lead to miscarriage and anomalies in the offspring. Furthermore, endocrine disruption might reduce testosterone level that important for spermatogenesis and secondary sexual characteristic, hence affecting the sexual behaviour. Increasing testosterone levels showing that males are sexually receptive and ready for mating (Auyeung et al., 2013) . Attraction, motivation and performance are some components of sexual behaviour in males and females (McGinnis & Pfaff, 2012 ). Conversely, low testosterone level might reduce mating and fertility performance or make the male infertile. Thus, it is the right time while considering these negative effects in offspring, male reproductive toxicity should certainly be approached from completely different perspectives as well as exposure in ahead of time in life (Bonde, 2010) . A capitalism that happens in promptly developing world increase incidence of individuals that continuously exposed to varied environmental pollutants. Some of which are industrial waste, pesticides and polluted air thus lead to infertility (Eleršek & Filipič, 2011) . Silent Spring written by Rachel Carson in 1962 , provided the impetus for tighter control of the extensive use of pesticides for the environment particularly birds as well as for human well-being. The book led to the national ban on DDT and other pesticides as consequences from some huge changes regarding pesticides in the US national policy (Carson, 1962) . Administration of pesticides through several routes such as oral, dermal and inhalation will affect germline cells by causing DNA double-strand breaks and later might alter the offspring (Bal et al., 2012; Piña-Guzmán et al., 2006; Rignell-Hydbom et al., 2005; Taib et al., 2014) . Hence, this review will only focus on the mechanisms and the evidence of pesticides induced male-mediated reproductive toxicity.
Male-Mediated Developmental Toxicity
Developmental toxicity has been described as the occurrence of undesirable effects on the developing organism in which the abnormality outcomes may be noticed at any stage in the lifetime of the organisms. These undesirable effects could be a consequence of any teratogens exposure involving either one or all the following period which are: before conception which only involves the parents, during prenatal development (gestational) period and/or postnatal period until the reproductive organs matured (U.S. EPA, 1991). Spontaneous abortion or miscarriage, as well as major and minor anomalies, are the end-point of developmental toxicity (Tantibanchachai, 2014) . Spontaneous abortion is defined as a pregnancy that typically ends naturally (not induced) during the first 7 to 28 weeks of gestation and occurs at lower rates in most developed countries (Vorvick & Storck, 2009 ). Physical or mental disabilities are the consequences of functional or structural abnormalities existing before birth or at birth known as birth defects or congenital anomalies. The main cause of death for infant have been noticed and indicated including several types of birth defects, ranging from mild to fatal during the first years of life (Mostafalou & Abdollahi, 2013) . Proposed mechanisms for such defects include transmission of chemicals directly or indirectly from the father result in transmissible genetic changes (mutations) to the conceptus via seminal fluid and contamination of the mother through the placenta (Wolff et al., 2011) . Mechanisms of developmental toxicity involve the epigenetic modifications and genetic mutations as shown in the previous review article by Anderson et al. (2014) .
Epigenetic Modifications
Male infertility is a complicated problem where not merely the genes, but additionally the epigenetic factors play essential role in producing offspring. For the past 6 decades, human genetic research has centered on DNA as the heritable molecule that holds details about phenotype from the parent to the offspring (Daxinger & Whitelaw, 2012) . Epigenetics is explained as heritable changes in gene expression or cellular phenotype, which happen without changes to the underlying DNA sequence mitotically and meiotically (Aaron et al., 2007) . Production of sperm cells into mature spermatozoon during differentiation process can be attained through proper DNA epigenetic modifications. DNA methylation, histone modifications and chromatin remodelling are the main epigenetic mechanisms which involve gene expression regulation as outlined by Lestari and Rizki (2016) . Correlation can be seen in DNA hypomethylation with gene expression while hypermethylation with gene silencing. An important process during early embryogenesis namely reprogramming of genome is influenced by DNA methylation and histone modifications (Rivera & Ross, 2013) .
DNA Methylation
Mammalian cells, unique organisms experienced almost entire reprogramming of DNA methylation arrangement during sperm development. Proper DNA methylation is essential for embryo development. Transcriptional silencing, gene expression and regulation, genomic imprinting and X-chromosome inactivation are associated with DNA methylation (Jones & Liang, 2009; Kaneda et al., 2004) . Cytosine-phosphate-guanine dinucleotides (CpGs) which contain 5-carbon position of cytosine is the site where methylation occurs specifically via the action of the DNA methyltransferases (DNMT) family of proteins. They are responsible for both the initiation of methylation and subsequent maintenance of methylation marks (Portela & Esteller, 2010) . Examples of DNMTs including DNMT1, DNMT3a and DNMT3b. De novo methyltransferases such as DNMT3a and DNMT3b, favoured by aiming unmethylated CpGs to start methylation by catalysing the modification at m5C. DNA methylation patterns can be copied from parental to daughter strands through DNMT1 that primarily identifying and methylating hemimethylated CpGs during DNA replication concurrent with its function as a maintenance methyltransferase. DNMTs can function cooperatively to methylated DNA (Jin et al., 2011) .
Increasing risk of fertilisation failure, congenital abnormalities, dysfunction in embryogenesis, perinatal mortality, preterm birth and low birth weight have previously been linked with numerous human disorders due to an error in DNA methylation (Albertini, 2014; Chen et al, 2015; Komiya et al. 2015; Cheng et al., 2014; Katib et al., 2014) . According to Guerrero-Bosagna et al. (2012) sperm becomes eternally reprogrammed to produce an aberrant epigenome in the embryo itself including cells and tissues derived from that embryo as a result to error changes in DNA methylation profile. Regulating epigenetic modifications involving the activity of enzymes and DNA methylation somehow have been noticed to be altered, thanks to environmental exposures.
Histone Modification and Chromatin Remodelling
Besides, mitosis and spermatogenesis are undeniably crucial in organism life in which histone modifications play role in that cellular processes. Condensed heterochromatic or open euchromatic formation is established with the help of this modification. A globular domain and histone tail, amino-terminal extensions make histones. Their compositions are rich in lysine and arginine (basic proteins) located in the nuclei of eukaryotic cells and induces packaging of DNA within lysosomes (Güneş & Kulaç, 2013) . Residue contents in histone tails can be post-translationally modified (PTMs) by acetylation, methylation, phosphorylation, sumoylation and ubiquitylation. These PTMs modify chromatin structure thus enabling the underlying gene to be activated or inhibited. Current research work has shown DNA repair, replication, stemness and alteration in cell state are influenced as well by histone core modifications. In addition, histone modifications are directly regulating transcription (Lawrence et al., 2016) .
A successful spermiogenesis required extensive chromatin remodelling to occur. In this process, sperm-specific basic proteins, initially transition proteins and eventually, protamine will substitute almost all the nucleosomal histones that are required for normal sperm development (Rousseaux et al., 2008) . Histone-to-protamine chromatin remodelling process happens perfectly in the presence of a master regulator, namely chromodomain helicase DNA binding protein 5 (Chd5) throughout spermiogenesis . Spermiogenesis is a process to produce matured spermatozoa which able to move from haploid round spermatids by completing a remarkable series of events (O'Donnell, 2014) . When making a comparison, it is noted that nuclei of sperm wild-type sperm with larger amounts of protamine contents are more resistant to chemical disruption (Cho et al., 2001 ). Additionally, the whole structure of the sperm including chromatin packing, organization and shape of acrosome might be affected with protamine reduction (Cho et al., 2003) .
Genetic Damage
Changes in the DNA germ line is one of the genetic mechanisms of male reproductive toxicity in which the sperm may carry either lesion such as an anomaly in the number of chromosomes or after fertilisation may be changed into a chromosomal abnormality and mutation such as DNA adducts, breaks in DNA backbone and labile site. The chromosomal abnormality is associated with male infertility which includes both numerical (Klinefelter syndrome) and structural (translocations and inversions) chromosomal aberrations (Harton & Tempest, 2012) . Other genetic factors involved may be endocrine disorders of genetic origin, imprinting disorders, mitochondrial DNA (mtDNA) mutations, multifactorial disorders as well as Y chromosome deletions. According to Shamsi et al. (2011) , approximately 10% genes in the genome are associated to spermatogenesis. The Y chromosome contains 7 deletions intervals whereby interval 5 and 6 regions are vital for spermatogenesis. One of the most indicative pathogenic defects in male infertility involving sperm count is related to microdeletions on the long arm of the Y chromosome.
The methylenetetrahydrofolate reductase (MTHFR) is necessary for DNA synthesis and methylation which has a key function during spermatogenesis in addition to folate metabolism (Ucar et al., 2015) . All complete genetic information transmission to the offspring may be disrupted if there is a mutation in the MTHFR gene located on chromosome 1 in combination with an error of methylation of the nucleotides in the germ cells. This gene also presents two familiar polymorphisms involving nucleotides A1298C and C677T. The consequent reduction in enzyme activity and exchanging of alanine for valine in the MTHFR protein occur because of changing C for T at position 677 (Gava et al., 2011) .
Pesticide Induces Male-Mediated Reproductive Toxicity
In recent times, researchers have proposed that semen quality has been diminished over the past many decades worldwide (Geoffroy-Siraudin et al., 2012; Haimov-Kochman et al., 2012) . The reproductive system involves dramatic cycles of tissue growth and degeneration. The spermatogenesis is no exception to this generalised phenomenon which involves mitosis, meiosis, cellular differentiation of spermatogonia into mature spermatozoa and apoptosis (Hunter et al., 2012) . Additionally, an entire hormonal stimulation from the hypothalamus and pituitary gland are required for spermatogenesis as well as the perfect function of the testes (Gabrielsen & Tanrikut, 2016) . A potential hazard makes the male reproductive system as a target because of the continued presence of germ cell that runs proliferation process and its complex endocrine system (Couse, 2008) . Pesticides constitute a wide group of chemicals used in agriculture to boost food production by controlling disease vectors and eliminating undesired insects (Annabi et al., 2015) . They are the general term for insecticides, rodenticides, herbicides and fungicides.
Based on their chemical nature, classified into organochlorines (OCs), organophosphorus (OPs) carbamates, synthetic pyrethroid, microbial insecticide and insect growth regulators (D'Souza, 2017). Among pesticides, OPs compounds are more than 100 widely used in agricultural chemicals (Suratman, Edwards, & Babina, 2015) . This popularity is largely contributed to their favourable characteristics such as biodegradable and short persistence compared to the OC pesticides (Chen et al., 2010) . They are sprayed over crops or soils, causing residues to be found in surface and ground waters, fruits, vegetables and in drinking water (Yao et al., 2001 ). The main detrimental health effects are difficulty in breathing, cancer, effects on the immune system, headaches, irritation of skin and mucous membranes, skin disorders, psychological or neurological and reproductive effects. The manifestation of these effects depends on the type of pesticide, level and duration of exposure (Bretveld et al., 2006) . Besides the neurotoxic effects, these pesticides have been reported involve in male-mediated reproductive toxicity via several mechanisms.
Mechanisms of Pesticides Induced Male-Mediated Reproductive Toxicity

Endocrine Disruption
Male reproductive system potential depends on the normal function of the hypothalamic-pituitary-gonadal (HPG) axis. Hypothalamus, pituitary gland and the germ cells contained in the testes are the contents of HPG axis. When reaching puberty, gonadotropin-releasing hormone (GnRH), will be secreted into the blood circulation and stimulated anterior pituitary gland to secrete follicle stimulating hormone (FSH) and luteinizing hormone (LH) (Tortora & Derrickson, 2012) . This hormone secretion occurs as result of interaction between GnRH and gonadotroph cell located in the pituitary via binding of G-GnRH (Couse, 2008) . Later, LH will stimulate a Leydig cell to secrete testosterone hormone from cholesterol synthesis in testis and then be used in spermatogenesis process (Foster & Gray, 2008) , differentiation and development of accessory organs, maintaining libido and secondary sexual characteristic (Zarrouf et al., 2009 ).
Meanwhile, androgen receptor (AR) can be found in testicular Sertoli cells where it ensures a continuation of proper spermatogenesis (Wang et al., 2009 ). The AR can be activated by binding of androgen such as testosterone and dihydrotestosterone (DHT). Activated AR will release heat shock protein (HSP) 70 and HSP90 into nucleus cell to activate mRNA transcription that leads to the production of a protein having an androgenic effect. HSPs are molecular chaperones that play a crucial function in the folding of misfolded proteins and in the regulation of cellular signals and transcriptional networks (Richter, Haslbeck, & Buchner, 2010) . Gene expression and hormone-regulated cell signalling pathways are easily being interfered by some environmental toxicants. This is because of the toxicants agonist or antagonist act as ligands to both steroidal and non-steroidal hormones in nuclear and membrane receptors (Zoeller et al., 2012) . A defect in testosterone production will impair spermatogenesis particularly in sperm maturation and sexual behaviour such as mating process.
OP can cause disturbances with the endocrine system, which finally result in infertility. Generally, OP acts by inhibiting the synthesis of hormones or the action of neurotransmitters and cause abnormalities of homeostasis of this system. OP will alter or disrupt steroid hormone activity through the action of hormones that bind to receptors of the estrogen, androgen and thyroid hormones. In addition, OP can also interfere with the process of steroidogenesis by distressing the activity of aromatase and 5α-reductase (Kitamura et al., 2010) . Previous research showed that Chlorpyrifos at dose 9.0 mg/kg which was given orally for 70 days in male rats have reduced the absolute and relative weight of prostate gland and seminal vesicle, motility, viability and testosterone. The treated male was being observed for their ability in mating the normal female rats where the results showed low mating and fertility indices (El-Mazoudy et al., 2011) . According to the researchers, Chlorpyrifos knew as the estrogenic agent that acts by catalysing androgen and estrogen production through P450 aromatase stimulation hence disrupting the regulation of steroid hormone biosynthesis by testis (Maqbool et al., 2015) . Besides, Chlorpyrifos-ethyl which was given orally at various doses such as 3.5, 5.25 and 10.5 mg/kg have been reported to give the same effects towards male rats which also due to the alterations in the male jas.ccsenet.org Journal of Agricultural Science Vol. 9, No. 13; sex hormones, testosterone (Kenfack et al., 2015) . Al-Saeed (2016) reported that oral administration of Diazonin causes infertility in male rats by decreasing the sperm quality while affecting number of litter size and testosterone level.
Besides causing direct effect towards sperm maturation, testosterone also contributes to the behaviour changes and sexual function of men (Nobre, 2014) . Leydig cells of the testes secrete testosterone which essential for male sexual behaviour in nearly all vertebrate species. According to Hull and Dominguez (2007) , 5α-reductase will convert testosterone to DHT while other effects of testosterone are mediated through its aromatisation to oestradiol in target cells. Increasing testosterone level showing that males are sexually receptive and ready for mating as well as function in sexual interest and associated sexual arousability (Bancroft, 2005) . Mating and fertility indices were reduced, in which one of the main causes for this could be the possible decrease in testosterone level together with unfavourable effects on libido (Farag et al., 2012) . Decreasing in the relative weights of ventral prostate and testes, sperm motility and concentration, cholesterol and protein level in the serum and testes, the activity of prostatic acid phosphatase as well as fertility, gestation, litter size and parturition indices have been reported in rats treated with Dimethoate (Ngoula et al., 2014) . Furthermore, there was study disclosed that exposure of rats to the subchronic administration of Methomyl magnificently decreased the fertility index, weight of testes and accessory organs, serum testosterone level as well as sperm count and motility. The incomplete arrest of spermatogenesis due to decreased in testosterone hormone contributes to all the abnormalities seen in the male rats (Shalaby et al., 2010) .
Oxidative Stress
Increasing of reactive oxygen species (ROS), biochemical changes and commotion of spermatogenesis process observed in germ cells, Sertoli cells and Leydig cells indicated the occurrence of male reproductive organs damage (Couse, 2008) . Increased ROS can cause oxidative damage (Lukaszewicz-Hussain, 2010) in the testis and epididymis which eventually damage the germ cells and spermatozoa (Sabeti et al., 2016) . Oxidative damage occurs due to an imbalance between the production of ROS and antioxidant including enzymatic and non-enzymatic (Birben et al., 2012) . A collection of a wide array of radicals which represented by ROS including hydroxyl ion, nitric oxide, lipid peroxyl, peroxyl, superoxide ion and thiyl as well as non-radical molecules for instance hydrogen peroxide, hypochloric acid, lipid peroxide, ozone and singlet oxygen (Bansal & Bilaspuri, 2011) . Glutathione reductase, glutathione peroxidase and superoxide dismutase are examples of enzymatic antioxidants while glutathione, vitamin E, vitamin C and carotenoid are examples of non-enzymatic antioxidants (Mora-Esteves & Shin, 2013).
Metabolism of cytochrome P450, monooxygenases result in ROS generation by catalysing oxidation in the substrate of OP with the addition of one atom of oxygen by electron transport pathway (Chambers et al., 2001 ). Taib et al. (2014) reported that sperm DNA damage occurs in male rat given 20 mg/kg Fenitrothion orally for 28 days. ROS attack carbohydrate, lipid, protein and DNA hence altering enzymatic systems, producing irreparable alterations, causing cell death and eventually lead to a decline in sperm parameters associated with male infertility (Agarwal et al., 2014) . According to Das, Shaik, and Jamil (2007) , phosphorus moiety in the OPs seems to be a good substrate for nucleophilic attack leading to phosphorylation of DNA which is an example of sperm DNA damage. Apoptosis and sperm DNA fragmentation were seen in male rats given Imidacloprid orally where the overwhelming production of ROS over antioxidant is the reason for these damages (Bal et al., 2012) . Methyl-Parathion, a potent alkylating agent has been recognized able to change sperm chromatin condensation that leads to DNA damage where this damage may cause risk to the offspring. Furthermore, the author also suggested that this OP acts directly on the structure of sperm chromatin in mice that were given single dose through intraperitoneal injection (Piña-Guzmán et al., 2006) .
Genetic Damage
A sperm is basically a package of streamlined genetic information. Increasing the sperm cell abnormalities specifically DNA damage were reported in several cases either human exposed to Polychlorinated biphenyls (Rignell-Hydbom et al., 2005) also in animal studies exposed to Methamidophos Methyl-Parathion (Piña-Guzmán et al., 2006), Imidacloprid (Bal et al., 2012) and Fenitrothion (Taib et al., 2014) . Spermatogenesis is essential for the production of offspring whereby it is regulated by an estimation of more than 2300 genes (Tamowski et al., 2010 ). An irrevocable partial or complete spermatogenic arrest can occur as a result of genetic aberrations (Shamsi et al., 2011) . Besides, result from a study by Salvadori et al. (1988) shown that structural chromosome aberrations of spermatocytes when multiple repeated exposures of Malathion were given to mice. A high percentage of accumulated genetic defect leads to increase the incidence of transmitted heritable error and chromosomal abnormalities of paternal origin in mice. These are influenced by differential DNA repair 
Protective Measures by the Relevant Bodies and Users
Inadequate concern was given to the effect of a product on the environment or consumer safety. Pesticide registration is a must to protect the client from spurious claims (WHO, 2010) . Pesticide products must be labelled accordingly during registration process while implementing pesticide applicator training as well as certification. This is important to make sure that a license to purchase and use pesticide products labelled for restricted use can only be granted for trained applicators (Phung et al., 2012) . Introduction of Pesticides Act 1974 is essential which regulates the labelling, registration, importation, manufacture, advertising, sale and storage of pesticides, controls the presence of pesticide residues in food while reporting and investigating of accidents and injuries caused by the pesticide. The act is implemented by Pesticides Board under the jurisdiction of the Ministry of Agriculture. Environmental Quality Act 1974 (Act 127) issued by Department of Environment play roles in controlling pesticide effluents from factories as well as Occupational Safety and Health Act 1994 (Act 514) that promote, stimulate and encourage high standards of safety and health of workers at work (Jiang, 2017) . In addition, it is important to have personal protective equipment (PPE) such as chemical goggles, gloves, coveralls or apron, ear protection, respirator and frequently washing hands at work (Quandt et al., 2006) . Besides, plastic caps and boots are recommended as they are waterproof and prevent absorption. Nowadays, users start to take supplements such as vitamin E in their diets. Previous studies have shown that vitamin E from palm oil tocotrienol-rich fraction and DL-α-tocopherol acetate might have protective effect against treated rats by scavenging free radicals generated following pesticides exposures (Taib et al., 2014; Yassa et al., 2011) .
Conclusions
Pesticide usage significantly increases from year to year, particularly in developing countries for food production, improving crop yields and the efficiency of food production processes, reducing the cost of food and providing high-quality products for consumers. The male germ line is quite sensitive to any toxic exposures as there is some evidence of male-mediated developmental toxicity in experimental models. As discussed here are few mechanisms suggested that might probably affecting males that later affecting their offspring such as epigenetic modification, genetic damage, endocrine dysfunction and oxidative stress. However, the exact role of male-mediated toxicity on such adverse effects like miscarriages and congenital malformations and how far damaged that comes from males could be passing through until the next generation offspring is not yet fully understood. Therefore, there is a need for inventive study designs especially aimed at studying paternal exposures and their roles from toxicants specifically towards male itself before mating with an unexposed female. The study of fertility and sexual behaviour should also be going beyond until later towards their offspring development.
